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Dithranol-Anion: UV/Vis-Spektrum und chemische Reaktivität 
A . R e t z o w 1 u n d W. W i e g r e b e * + 
Institut für Pharmazie der Universität Regensburg, 
Postfach 397, D-8400 Regensburg, Deutschland 
(Eingelangt am 12. Juli 1985) 
Dithranol-Anion: UV/Vis-Spectrum and Chemical Reactivity 
Dithranol and its monoacetate as well as aloin and 9-hydroxyanthracen show a batho-
chromically shifted band in their electronexcitation spectra, when they are taken in alkaline 
solutions. The spectrum of aloin-anion was correlated with the isomerisation of aloin B into 
aloin A. These results and the Diels-Alder-reactivity of dithranol-anion indicate that R a a b' s 
biochemically highly active species, derived from dithranol, is its anion. 
(Keywords: Psoriasis, dithranol-anion, electron excitation spectra, Diels-Alder-reaction) 
D a s A n t i p s o r i a t i k u m D i t h r a n o l ( C i g n o l i n ® ) l i eg t n a c h I R - S p e k t r e n a l s F e s t s t o f f 
u n d in C H C I 3 a l s 1 , 8 - D i h y d r o x y - 9 - a n t h r o n (1) vo r . E s läßt s i c h z u 1 ,8 ,9 -T r iace toxy -
a n t h r a c e n (2) a c e t y l i e r e n , v i e l l e i c h t w i r d e s d e s w e g e n g e l e g e n t l i c h a l s 1,8,9-Tri-
h y d r o x y a n t h r a c e n (V) f o r m u l i e r t (z. B . P h a r m . B r i t . 1 9 7 3 ; P h a r m . He lv . VI). E s g i b t 
b i s h e r k e i n e g e s i c h e r t e n H i n w e i s e au f d i e E x i s t e n z v o n 1', d a s a l s 1 4 j t - E l e k t r o n e n -
s y s t e m l a b i l e r a l s 1 m i t z w e i 6 j t - E l e k t r o n e n s y s t e m e n w ä r e 2 . - 1 w i r d z u m A n i o n 1a 
d e p r o t o n i e r t , d a s a u c h a u s V e n t s t ü n d e . 
Abbildung 1 
OH 0 HO 
O H O H OH 
1a 
R a a b 3 u n t e r s u c h t e d i e e n z y m h e m m e n d e n E i g e n s c h a f t e n v o n 1 in D i m e t h y l -
f o r m a m i d ( D M F ) : N a c h B e s t r a h l u n g e i n e r D i t h r a n o l - D M F - L ö s u n g f i n d e t e r e i n e 
s t ä r k e r e H e m m u n g d e r G l u c o s e - 6 - p h o s p h a t - D e h y d r o g e n a s e a l s o h n e B e s t r a h l u n g . 
E r s c h l i e ß t d a r a u s au f e i n e „ b i o c h e m i s c h h o c h a k t i v e S u b s t a n z " u n d b i l d e t d e r e n 
E l e k t r o n e n a n r e g u n g s s p e k t r u m ( E A S ) in D M F a b , d a s d e u t l i c h v o n d e m d e s D i t h r a -
n o l s (1) in M e t h a n o l a b w e i c h t . 
+ Herrn Prof. Dr. O.-E. S c h u l t z , Kiel, zum Gedächtnis. 
D u r c h S o l v a t o c h r o m i e l a s s e n s i c h d i e s e U n t e r s c h i e d e n i c h t e r k l ä r e n . W i r 
h a b e n d a h e r d i e U V / V i s - S p e k t r e n v o n 1 u n d s e i n e n A c e t a t e n 2, 3 u n d 4 4 in M e O H 
u n d D M F u n t e r s u c h t . Z u m V e r g l e i c h w u r d e n d i e S p e k t r e n v o n 1 , 8 - D i h y d r o x y -
a n t h r a c h i n o n (5)4, 9 - A n t h r o n (6)5, 1 0 , 1 0 - D i - n - p r o p y l - 1 , 8 - d i h y d r o x y - 9 - a n t h r o n (7)4, 
d e s s e n D i a c e t y l e s t e r 8 4 , 2 , 2 ' - D i h y d r o x y b e n z o p h e n o n u n d A l o i n (9)6 a u f g e n o m m e n . 
Abbildung 2 O A c O A c O A c 
_3 : R = H,R'= A c 
4 •  R = R ' = A c 
6 a 
OH 0 HO O R 0 OR 
O H 0 O H 
- H ® 
O H O 0 O H OH 0 O H 
A l o i n A (9') 9 a A l o i n B (9") 
Tabelle 1: UV/Vis-Spektren. 
Verbindung 
Absorptionsmaxima in nm 
DMF MeOH 
Ä.max löge X.max löge 
1 480 3,25 355 4,00 
451 3,66 288 4,02 
427 3,73 257 4,10 
393 4,29 
373 3,98 
355 (sh) 3,52 
2 395 3,87 392 3,86 
374 3,95 372 3,94 
355 3,83 353,5 3,76 
338 3,57 337 3,59 
254 4,75 
217,5 4,16 
3 495 (sh) 3,44 445 (sh) 2,45 
469 3,70 357 3,59 
445 3,70 283 3,98 
396 4,35 258 4,03 
376 3,98 
315 (sh) 3,35 
4 403 (sh) 3,54 400 (sh) 2,93 
396 3,66 380 3,10 
372 3,57 360 3,23 
353 3,42 310 (sh) 3,50 
259 4,37 
241 4,06 
5 428-430 3,95 428-430 3,95 
281 3,91 283 3,96 
272 3,95 
253,5 4,23 
6 410 (sh) 3,47 370-375 2,64 
387 3,65 310 (sh) 3,63 
366 3,68 270 (sh) 4,33 
350 (sh) 3,45 258 4,48 
334 (sh) 3,28 
309 3,52 
7 367-369 4,00 366 4,00 




Tabelle 1: Fortsetzung. 
Absorptionsmaxima in nm 
Verbindung DMF MeOH 
Xmax löge Xmax löge 
8 370 2,37 370 (sh) 1,94 
313 (sh) 3,58 350 (sh) 2,20 
275 4,18 310 (sh) 3,61 
273-274 4,18 
2,2'-Dihydroxy- 334 3,74 335 3,74 
benzophenon 260 4,05 
9 485 (sh) 3,39 357,5 4,07 
(Aloin Pharm. 455 3,63 295,5 3,97 
Helv. VI) 430,5 3,64 268 3,91 
395,5 4,23 259 3,83 
375,5 3,98 250 (sh) 3,78 
358 (sh) 3,72 
295 (sh) 3,66 
3 u n d 9 z e i g e n b e i m Ü b e r g a n g v o n M e O H z u D M F d i e b e i 1 b e o b a c h t e t e l a n g -
w e l l i g e V o r b a n d e , d i e w i r b e i 6 d i s k u t i e r e n . 4 l i eg t in D i c h l o r m e t h a n a l s A n t h r o n v o r 
( M a x i m a be i 2 7 0 [4,34] u n d 3 6 0 [2,52] n m ) , in M e t h a n o l u n d D M F a l s A n t h r a c e n -
de r i v a t . D e p r o t o n i e r u n g v o n 4 f ü h r t n i c h t z u e i n e r V o r b a n d e ; b i s h e r k ö n n e n w i r 
d i e s e n B e f u n d n i c h t s c h l ü s s i g e r k l ä r e n . 5 ,7,8 u n d 2 , 2 ' - D i h y d r o x y b e n z o p h e n o n l i e -
f e r n a u c h in D M F A n t h r o n s p e k t r e n . S o m i t ist z u m i n d e s t e i n ( a c i d e s ) H a n C - 1 0 
V o r a u s s e t z u n g f ü r d i e s p e k t r a l e n V e r ä n d e r u n g e n v o m A n t h r o n - z u m A n t h r a c e n -
t y p : D a s S p e k t r u m v o n 1 in D M F e n t s p r i c h t w i e d a s v o n 2 e i n e m A n t h r a c e n d e r i v a t . 
B e i m V e r d ü n n e n e i n e r f r i s c h h e r g e s t e l l t e n L ö s u n g v o n 1 in D M F d u r c h M e O H 
tr i t t d a s A n t h r o n s p e k t r u m w i e d e r a u f ; s c h o n 20 % D M F in M e O H v e r ä n d e r n d a s 
S p e k t r u m v o n 1 au f d e n A n t h r a c e n t y p h i n . S a e M e I o et a l . 7 s t u d i e r t e n d a s V e r -
h a l t e n v o n 1 in w ä ß r i g e n L ö s u n g e n v e r s c h i e d e n b a s i s c h e r p H - W e r t e , f a n d e n e i n e n 
i s o s b e s t i s c h e n P u n k t be i 3 6 0 n m u n d s c h l ö s s e n d a r a u s , daß n u r z w e i S p e z i e s in 
f o l g e n d e m G l e i c h g e w i c h t v o r l i e g e n : 
r + H 2 0 ^ ± 1 a + H 3 0 + . 
D a d a s k u r z w e l l i g e M a x i m u m n a c h w i e v o r b e i c a . 3 6 5 n m l ieg t , d o r t a b s o r b i e r t 
1, s c h l a g e n w i r e i n G l e i c h g e w i c h t a u s g e h e n d v o n 1 vo r , z u m a l n a c h u n s e r e n N M R -
U n t e r s u c h u n g e n d i e C - 1 0 - P r o t o n e n in 1 e t w a g l e i c h s c h n e l l w i e d i e O H - P r o t o n e n 
mi t D 2 0 a u s t a u s c h e n : 
1 + R - O H ^± 1a + R - O H 2 + (R = A l k y l , H) . 
D i e s p e k t r a l e n V e r ä n d e r u n g e n b e i 1, 3, 4 u n d 9 w e i s e n d i e ( p a r t i e l l e ? ) U m -
w a n d l u n g d e s A n t h r o n - in e i n e n A n t h r a c e n c h r o m o p h o r n a c h ; o b e s s i c h im F a l l 1 
d a b e i u m 1' o d e r 1a h a n d e l t , b l e i b t d a n a c h o f f e n . D i e l a n g w e l l i g e n V o r b a n d e n b e i 1 
in D M F , d i e be i 2 ( a u c h in D M F ) f e h l e n , d e u t e n au f 1a h i n . S a e M e I o et a l . 7 
o r d n e n d i e b e i 1 in E t O H a u f t r e t e n d e S c h u l t e r be i 3 9 2 n m 1a z u . W ä h r e n d b e i 3 
( A b b . 4) d i e V o r b a n d e n s t a r k a u s g e p r ä g t s i n d , f e h l e n d i e s e b e i 4 ( A b b . 5). W e g e n 
d i e s e r B a n d e n u n t e r s u c h t e n w i r d a s S y s t e m 9 - A n t h r o n (6) / 9 - H y d r o x y a n t h r a c e n 
(6') / 9 - H y d r o x y a n t h r a c e n - A n i o n (6a); d a s G l e i c h g e w i c h t 6 ^± 6' ist h ä u f i g u n t e r -
s u c h t w o r d e n 8 a _ 8 f . 
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Abbildung 3: UV/Vis-Spektren von Dithranol (1). 
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Abbildung 5: UV/Vis-Spektren von Dithranol-diacetat (4). 
300 4 0 0 500 
X (nm) 
Abbildung 7: UV/Vis-Spektren von 9-Anthron (6) bzw. 9-Hydroxyanthracen (6'): 
- . - . - : 9-Hydroxyanthracen (6') in Toluol. 
: 9-Anthron (6) in DMF. 
: 9-Anthron (6) in MeOH + 0,1 N NaOH. 
W i r h a b e n 6' m o d i f i z i e r t n a c h N u k a d a 9 h e r g e s t e l l t u n d d i e T o l u o l l ö s u n g 
v o n 6' d i r e k t v e r m e s s e n ( A b b . 7). W ä h r e n d 6 in M e O H mi t h ö c h s t e r E x t i n k t i o n b e i 
2 5 8 n m a b s o r b i e r t (Tab. 1, ü b e r w i e g e n d A n t h r o n t y p ) , z e i g t 6' e i n t y p i s c h e s A n t h r a -
c e n s p e k t r u m ( A b b . 7 - . - . - ) ; in D M F z e i g t 6' d a s g l e i c h e V i b r a t i o n s a u f s p a l t u n g s -
m u s t e r d e r d e m 1 L a « - 1 A - Ü b e r g a n g ( ? ) 1 0 e n t s p r e c h e n d e n B a n d e , d o c h ist d i e 
l ä n g s t w e l l i g e V i b r a t i o n s a u f s p a l t u n g n u r a l s S c h u l t e r v o r h a n d e n . B a b a u n d 
T a k e m u r a 8 b b e s c h r e i b e n d i e g l e i c h e B e o b a c h t u n g be i d e n S p e k t r e n v o n 6 u n d 
6' in B e n z o l / T r i e t h y l a m i n u n d e r k l ä r e n d a s mi t H - B r ü c k e n z w i s c h e n d e r O H - G r u p p e 
u n d N E t 3 . E i n ä h n l i c h e s - u n s y m m e t r i s c h e s - A s s o z i a t f o r m u l i e r t G e i g e r 1 1 a l s 
E r k l ä r u n g f ü r s e i n e N M R - B e f u n d e im S y s t e m D i t h r a n o l / H e x a m e t h y l p h o s p h o r -
s ä u r e t r i a m i d ( H M P A ) . - E r s t b e i d e r D e p r o t o n i e r u n g v o n 6 in M e O H mi t 0,1 N N a O H 
z u 6a tr i t t e i n e b re i t e V o r b a n d e auf , d i e w i r a l s Ind iz d e s A n i o n s w e r t e n . D a 1 a u c h in 
H M P A d i e v o m D M F b e k a n n t e n V o r b a n d e n z e i g t , k ö n n t e e s s i c h b e i G e i g e r s 
U n t e r s u c h u n g e n a u c h u m e i n 1 a - H M P A - A s s o z i a t h a n d e l n . - K ü r z l i c h k o n n t e 
K. M ü l l e r 1 2 d a s S p e k t r u m d e s 1 - M o n o a n i o n s (1a) in M e O H d u r c h D e p r o t o n i e -
r u n g v o n 1 m i t 1,2 M o l e q u i v a l e n t e n N a O H mi t e i n e m D i o d e n a r r a y - S p e k t r a l p h o t o -
m e t e r f re i v o n Z e r s e t z u n g s p r o d u k t e n ( s o g . D i t h r a n o l b r a u n ) a u f n e h m e n : A b g e s e -
h e n v o n e i n e r h y p s o c h r o m e n V e r s c h i e b u n g - S o l v a t o c h r o m i e - e n t s p r i c h t d a s 
S p e k t r u m d e m v o n 1 in D M F , u n d d a s b e w e i s t , daß in D M F 1 z u 1a d e p r o t o n i e r t w i r d . 
N a O H - Z u g a b e z u 1 in D M F b e e i n f l u ß t d a s S p e k t r u m n i c h t . 
0,1 -
0.05 - 0.05 
8 12 timin] b) U 8 
Abbildung 8: HPLC-Trennung der Aloine A und B. 
12 t[min] 
E i n V e r g l e i c h d e r S p e k t r e n v o n 1 u n d 3 e i n e r s e i t s m i t d e n e n v o n 4 u n d 6 ( je-
w e i l s in M e t h a n o l ) a n d e r e r s e i t s f ü h r t z u d e m S c h l u ß , daß s t a r k e i n t r a m o l e k u l a r e 
H - B r ü c k e n in 1 (1630 c m " 1 in K B r , 1632 c m " 1 in C H C I 3 1 3 ) b z w . in 3 (1635 c m - 1 , K B r 4 ) 
d i e A n t h r o n f o r m s t a b i l i s i e r e n ; v g l . 1 1 . 
Im f o l g e n d e n b e s c h r e i b e n w i r c h e m i s c h e U m s e t z u n g e n v o n 1a b z w . d e m A n -
t h r o n A l o i n (9). 
9 l i eg t in z w e i d i a s t e r e o m e r e n F o r m e n v o r ( A l o i n e A u n d B ) 6 ( A b b . 2 ) , d i e F r a n z 
u n d G r ü n 1 4 d u r c h B o r a x l ö s u n g i n e i n a n d e r ü b e r f ü h r t e n . D a s ist m i t D e p r o t o n i e -
r u n g z u 9a u n d d e s s e n R e p r o t o n i e r u n g z u e r k l ä r e n . - W i r h a b e n A l o i n B (20 % a n 
A l o i n A ) in M e O H b z w . D M F g e l ö s t u n d n a c h 5 h d u r c h H P L C u n t e r s u c h t : In M e O H 
ist A l o i n B u n t e r d i e s e n B e d i n g u n g e n b e s t ä n d i g , in D M F w a n d e l t e s s i c h in A l o i n A 
u m ( A b b . 8). 9 z e i g t in D M F fas t d a s s e l b e E A S w i e 1 ( V o r b a n d e ) , d a s S p e k t r u m e n t -
s p r i c h t d e m A l o i n - A n i o n , z u d e s s e n B e s c h r e i b u n g d i e R e s o n a n z s t r u k t u r 9a w e -
s e n t l i c h b e i t r ä g t . 
Abbildung 9 R 
R ' 
H O y/ 
10 R = C 0 - 0 C H 3 
( H 3 C ) 3 
OH 0 HO ( C H 3 ) 3 S i S i S i ( C H 3 ) 3 
11 12 J 3 
Tabelle 2: Umsetzung von Dithranol (1) mit Acetylendicarbonsäuremethylester. 
Lösungsmittel Diels-Alder-Produkt Michael-Addukt 
bzw. Reaktionsbedingungen 10 11 
THF + UOCH3 + _ 
DMF + UOCH3 + -
CHCI3 + UOCH3 - + 





DMF (unter Lichtausschluß) + . -
DMF + Naphthalin + -
DMF + H 2 S0 4 (pH 3,6) + -
DMF + h • v + — 

b) 1,13 g (0 ,005 M o l ) 1 w e r d e n In 10 m l t r o c k e n e m D M F ( M o l e k u l a r s i e b 4 Ä) g e -
lös t u n d au f 70° e rh i t z t . D a z u t rop f t m a n 1 m l (0 ,006 M o l ) A c e t y l e n d i c a r b o n s ä u r e -
d i m e t h y l e s t e r u n d hä l t 3 h be i d i e s e r T e m p e r a t u r ; A u f a r b e i t u n g s . a). A u s b e u t e : 
0 ,53 g (29,4 % ) , a n a l y t i s c h e D a t e n s . o . 
1ß-Dihydroxy-9-anthron-10-yl-maleinsäuredimethylester (11 ) 1 5 
1,13 g (0 ,005 M o l ) 1 w e r d e n in 10 m l s i e d e n d e m a b s o l . C H C I 3 g e l ö s t u n d mi t 
0 ,125 m l 0,5 p r o z . L i O C H 3 - L ö s u n g v e r s e t z t . D a z u t rop f t m a n 1,25 m l (0,01 M o l ) A c e t y -
l e n d i c a r b o n s ä u r e d i m e t h y l e s t e r u n d e rh i t z t 3 h u n t e r R ü c k f l u ß . D a n n w i r d i. V a k . 
e i n g e e n g t u n d s ä u l e n c h r o m a t o g r a p h i s c h ( K i e s e l g e l ; C H C I 3 ) f r a k t i o n i e r t . 1. F r a k -
t i o n : A u s g a n g s m a t e r i a l . A u s d e r 2 . F r a k t i o n fä l l t m i t E t h a n o l e i n h e l l g e l b e r N i e d e r -
s c h l a g ; A u s b e u t e : 0 ,35 g (19,4 % ) ; S c h m p . 175° ( E t O H [ L i t . 1 5 , 1 7 0 - 1 7 3 ° ] ) . 
C20H16O7 (368 ,3) : 
IR ( K B r ) : 1720 ( C = 0 , E s t e r ) , 1630 c m " 1 ( C = 0 , K e t o n ) ; 1 H - N M R ( C D C I 3 ) : 
6 ( p p m ) = 3 ,45 (s, 3 H , - O C H 3 ) , 3 ,92 (s, 3 H , - O C H 3 ) , 6 , 6 3 - 7 , 6 0 (m, 8 H , = C H - a n 
C - 1 0 ' , = C H - d e r M a l e i n s ä u r e , 6 A r o m a t e n - H ) , 12,43 (s, 2 H , - O H , a u s t a u s c h b a r ) . 
1,8,9-Tris-(trimethylsilyloxy)-anthracen (12) 
1,13 g (0 ,005 M o l ) 1 w e r d e n u n t e r N 2 in a b s o l . T H F g e l ö s t u n d au f - 6 0 ° g e k ü h l t . 
D a z u w e r d e n 9,4 m l (0,015 M o l ) n - B u t y l l i t h i u m - L ö s u n g g e s p r i t z t . N a c h E r w ä r m e n 
au f 0° t rop f t m a n 1,63 g (0,015 M o l ) ( C H 3 ) 3 S i C I in 15 m l a b s o l . T H F z u u n d r ü h r t 15 m i n . 
N a c h E i n e n g e n i. V a k . w i r d s ä u l e n c h r o m a t o g r a p h i s c h ( K i e s e l g e l ; C H C I 3 ) g e r e i n i g t . 
B e i m E i n e n g e n g e l b e K r i s t a l l e ; A u s b e u t e : 0 ,58 g (26,2 % ) ; S c h m p . 98° ( M e O H ) . 
C 2 3 H 3 4 0 3 S i 3 (442 ,8) : 
IR ( K B r ) : 7 7 0 c m " 1 ( O - S i - C ) ; 1 H - N M R ( C D C I 3 ) : 6 ( p p m ) = 0 ,27 (s, 2 7 H , S i - C H 3 ) , 
6 , 6 2 - 7 , 9 3 (m , 7 H , A r o m a t e n - H ) ; M S (70 e V ) : m / e = 4 4 2 (100 % , M + ) , 4 2 7 (4 % , 
*412 ,51 ; M + - - C H 3 ) , 410 (3 % ) , 3 6 6 (2 % ) , 3 5 3 (17 % ; M + - - O S i ( C H 3 ) 3 ) , 3 3 8 (10 % , 
* 3 2 3 , 6 4 ; 3 5 3 - C H 3 ) , 3 2 4 (8 % ) , 3 0 9 (5 % , *260 ,88 ) , 2 7 9 (4 % ) , 147 (8 % ) ; M S - H R : 
C 2 3 H 3 4 0 3 S i 3 : B e r . 4 4 2 , 1 8 1 5 7 , G e f . 4 4 2 , 1 8 1 1 7 ; U V ( M e t h a n o l ) : k m a x ( löge) = 2 5 7 (4,85), 
2 8 7 ( sh , 3 ,69) , 3 5 6 (3,85), 3 7 5 (4,00), 3 9 6 ( sh , 3,78) , 4 ,20 n m ( s h , 3 ,55) . 
9-n-Butyl-9,10-dihydro-1ß,9-trihydroxy-2-N,N-dimethylamm 
(13) 
2,26 g (0,01 M o l ) 1 w e r d e n u n t e r N 2 in 9 0 m l a b s o l . T H F g e l ö s t u n d au f - 6 0 ° g e -
k ü h l t . D a z u w e r d e n 9,4 m l (0,015 M o l ) n - B u t y l l i t h i u m - L ö s u n g g e s p r i t z t u n d p o r -
t i o n s w e i s e 1,4 g (0,015 M o l ) N , N - D i m e t h y l m e t h y l e n i m m o n i u m c h l o r i d 2 0 e i n g e r ü h r t . 
M a n läßt l a n g s a m a u f t a u e n - r o t b r a u n e S u s p e n s i o n . M a n r ü h r t 10 m i n mi t 0,7 m l 
W a s s e r , e n g t d i e L ö s u n g i. V a k . e i n u n d re i n i g t s ä u l e n c h r o m a t o g r a p h i s c h ( K i e s e l -
g e l ; T H F ) : o r a n g e s Ö l , d a s au f Z u s a t z v o n E t h a n o l k r i s t a l l i s i e r t ; A u s b e u t e 0 ,23 g 
(6,7 % ) , S c h m p . 106°. 
^21 H 2 7 N 0 3 (341,5) : 
1 H - N M R ( C D C I 3 ) : 6 ( p p m ) = 0 , 5 6 - 1 , 3 0 (m, 7 H , B u t y l - H ) , 1 , 9 5 - 2 , 2 8 (m, 2 H , 
B u t y l - H ) , 2 ,29 (s, 6 H , - N ( C H 3 ) 2 ) , 3 ,50 , 3 ,80 ( A B - S y s t e m , 2 H , J = 13,5 H z , H-10), 3 ,86 
(s, 2 H , - C H 2 N ( C H 3 ) 2 ) , 6 , 6 1 - 7 , 2 3 (m , 5 H , A r o m a t e n - H ) , 9 , 4 3 - 9 , 9 5 (s, b re i t , 3 H , O H , 
a u s t a u s c h b a r ) ; M S (70 e V ) : m / e = 341 (6 % , M + ) , 3 2 3 (6 % , M + - - H 2 0 ) , 2 8 5 (12%), 
2 8 4 (63 % , * 2 3 6 , 5 3 ; M + C 4 H 9 ) , 2 7 8 (35 % , * 2 3 9 , 2 7 ; 3 2 3 - N H ( C H 3 ) 2 ) , 261 (5 % ) , 
2 4 9 (13 % , * 2 2 3 , 0 3 ; 2 7 8 - C 2 H 5 ) , 2 4 0 (19 % ) , 2 3 9 (100 % , *201 ,13 ; 2 8 4 - N H ( C H 3 ) 2 ) , 
2 3 5 (13 % , * 1 9 8 , 6 5 ; 2 7 8 - C 3 H 7 ) , 2 2 3 (5 % ) , 216 (6 % ) , 165 (10 % ) ; M S - H R : C 2 i H 2 7 N 0 3 : 
B e r . 341 ,19908, G e f . 341 ,19957 ; U V ( M e t h a n o l ) : Xmax ( löge) = 2 0 9 (4,56), 2 5 5 (3,43), 
2 7 4 ( sh , 3 ,66) , 281 (3,71), 2 9 7 n m ( s h , 3,18). 
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